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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a hologram record 
reproducing method or the like which makes it possible to 
record a hologram by which an ample diffraction efficiency 
is achieved and read out without breakage the hologram 
recorded through the guided wave of a readout beam 
which causes an incidence upon the recording layer from 
the end face. 

SOLUTION: The light is subjected to the guided wave on 
the surface of a transparent substrate 11 at an incident 
angle greater than that of a determined value relative to 
this surface. A refractive index or an absorptive index is 
varied by the simultaneous irradiation of the signal beam 
and the reference beam each having a specified 
wavelength. The refractive index or the absorptive index 
varied is retained then an optical record medium 10 is used 
by which a recording layer 1 2 capable of recording the 
hologram is formed. When recorded, the hologram is 
recorded by simultaneously irradiating to the recording 
layer 1 2 the signal beam and the reference beam each 

having a prescribed wavelength. When reproduced, the recording layer 12 is subjected to the 
guided wave of a readout beam 3 of the wavelength which does not vary the refractive index or 
the absorptive index which is held by the recording layer 12. The hologram is reproduced by the 
diffracted light generated when the guided wave is forced to occur. This causes no problem with 
the guided wave loss upon being recorded. The recorded hologram can be reproduced without 
breakage upon being reproduced. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a hologram record reproducing 
method or the like which makes it possible to record a hologram by 
which an ample diffraction efficiency is achieved and read out without 
breakage the hologram recorded through the guided wave of a readout 
beam which causes an incidence upon the recording layer from the end 
face. 

SOLUTION: The light is subjected to the guided wave on the surface of 
a transparent substrate 11 at an incident angle greater than that of a 
determined value relative to this surface. A refractive index or an 
absorptive index is varied by the simultaneous irradiation of the signal 
beam and the reference beam each having a specified wavelength. The 
refractive index or the absorptive index varied is retained then an 3 
optical record medium 10 is used by which a recording layer 12 capable 
of recording the hologram is formed. When recorded, the hologram is 
recorded by simultaneously irradiating to the recording layer 12 the 
signal beam and the reference beam each having a prescribed 
wavelength. When reproduced, the recording layer 12 is subjected to 
the guided wave of a readout beam 3 of the wavelength which does not 
vary the refractive index or the absorptive index which is held by the 

recording layer 12. The hologram is reproduced by the diffracted light generated when the guided wave is forced to 
occur. This causes no problem with the guided wave loss upon being recorded. The recorded hologram can be 
reproduced without breakage upon being reproduced. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The optical recording medium with which it changes, and a refractive index or an absorption coefficient holds the refractive 
index or absorption coefficient which changed, and contains the recording layer which can record a hologram a substrate and by 
irradiating simultaneously the signal light and the reference beam of predetermined wavelength while it is formed on this substrate 
front face and whenever [ over said front face / incident angle ] guides the light beyond a predetermined value. 

[Claim 2] An optical recording medium according to claim 1 with the refractive index of said recording layer higher than the refractive 
index of said substrate. 

[Claim 3] The optical recording medium according to claim 1 or 2 which contains further the cladding layer which is formed on said 
recording layer and* has a refractive index lower than this recording layer. 

[Claim 4] An optical recording medium given in any 1 term of claims 1-3 which carried out two or more set laminating of said 
recording layer and said cladding layer. 

[Claim 5] Said recording layer is an optical recording medium given in any 1 term of claims 1-4 which consisted of the 
macromolecules or polymer liquid crystals which have the radical photoisomerized to a side chain while having optical induced 
birefringence nature. 

[Claim 6] The optical recording medium according to claim 5 with which said radical to photoisomerize contains the azobenzene 
frame. 

[Claim 7] The optical recording medium according to claim 5 or 6 said whose macromolecules or polymer liquid crystals are at least 
one sort of monomer polymers chosen from the polyester group. 

[Claim 8] While recording a hologram on an optical recording medium given in any 1 term of claims 1-7, it is the hologram record 
playback approach which reproduces the recorded hologram. At the time of record A hologram is recorded on said recording layer by 
irradiating simultaneously the signal light and the reference beam of predetermined wavelength. At the time of playback The hologram 
record playback approach which reproduces a hologram by the diffracted light at the time of making said recording layer guide waves 
and making the read-out light of wavelength to which the refractive index or absorption coefficient held at the recording layer is not 
changed guide. 

[Claim 9] The hologram record playback approach according to claim 8 which reproduces a hologram by the diffracted light at the 
time of making said recording layer guide read-out light while irradiating the signal light which holds data information according to 
polarization distribution at an optical recording medium at a reference beam and coincidence and recording polarization distribution of 
this signal light as a hologram. 

[Claim 10] The hologram record playback approach according to claim 9 which carries out polarization distribution by rotating the 
polarization angle of said signal light a predetermined include angle every according to said data information. 

[Claim 1 1] The signal light which holds the 1st data information according to intensity distribution is irradiated to the predetermined 
field of an optical recording medium at a reference beam and coincidence. Record this signal luminous-intensity distribution as the I st 
hologram, and the polarization condition of either said signal light and said reference beam is changed. While irradiating the signal 
light which holds the 2nd data information according to intensity distribution to the predetermined field of an optical recording 
medium at a reference beam and coincidence and carrying out multiplex record of this signal luminous-intensity distribution as the 2nd 
hologram The hologram record playback approach according to claim 8 which reproduces the I st hologram and 2nd hologram by the 
diffracted light at the time of making said recording layer guide read-out light. 

[Claim 12] While recording a hologram on an optical recording medium given in any 1 term of claims 1-7 The signal Mitsuteru 
gunner stage which is the hologram record regenerative apparatus which reproduces the recorded hologram, and irradiates the signal 
light of predetermined wavelength to the predetermined field of said recording layer from the waveguide direction of a recording 
layer, and the crossing direction, So that the refractive index or absorption coefficient of a recording layer may be changed by 
interferential action with said signal light The hologram record regenerative apparatus equipped with a read-out light incidence means 
to carry out incidence of the read-out light of wavelength to which a reference beam exposure means to irradiate the reference beam of 
said predetermined wavelength to said predetermined field, and the refractive index or absorption coefficient held at said recording 
layer is not changed to said recording layer so that this read-out light may guide said recording layer. 

[Claim 13] It is an optical recording medium recordable on said recording layer about the hologram which can diffract the diffracted 
light when incidence of the read-out light which is an optical recording medium equipped with a recording layer, and guides the inside 
of said recording layer is carried out. 

[Claim 14] The optical recording medium with which the hologram which can diffract the diffracted light when incidence of the read- 
out light which is an optical recording medium equipped with a recording layer j and guides the inside of said recording layer is carried 
out is recorded on said recording layer. 

[Claim 15] The aforementioned read-out light is an optical recording medium according to claim 1 3 or 14 which is a light 
unrecordable on said recording layer. 

[Claim 16] It is the optical recording medium according to claim 13 or 14 which is the light to which said hologTam is recorded by 
change of the refractive index of said recording layer, or an absorption coefficient, and the aforementioned read-out light does not 
carry out induction of the change of said refractive index of said recording layer, or said absorption coefficient. 
[Claim 1 7] The aforementioned read-out light is an optical recording medium according to claim 1 3 or 14 by which incidence is 
carried out from the end face of said sheet-like recording layer. 

[Claim 1 8] Optical recording equipment equipped with a record means to record the hologram which can diffract the diffracted light 
when incidence of the read-out light which is optical recording equipment which records a hologram on the recording layer of an 
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optical recording medium, and guides the inside of said recording layer is carried out on said recording layer. 

[Claim 19] Photo-regenerating equipment equipped with a read-out means to carry out incidence of the read-out light which is photo- 
regenerating equipment which makes the diffracted light diffract from the recording layer of the optical recording medium with which 
the hologram was recorded, and guides the inside of said recording layer, and to make said diffracted light diffract from said recording 
layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to a three-dimension image, a two-dimensional image or the optical recording 
medium that constitutes the holographic memory which can record a digital data page, the hologram record playback approach, a 
hologram record regenerative apparatus, optical recording equipment, and photo-regenerating equipment about an optical recording 
medium, the hologram record playback approach, a hologram record regenerative apparatus, optical recording equipment, and photo- 
regenerating equipment. 
[0002] 

[Description of the Prior Art] The 2-dimensional optical memory represented by the digital Vaasa tile disk (DVD) etc. is used as a 
record medium of large capacity and high density. Densification of these 2-dimensional optical memory has been realized by making 
small the laser spot used for record and playback of data short- wavelength-izing of record laser wavelength, and by enlarging the 
numerical aperture (NA;Numerical Aperture) of the objective lens used for pickup. And researches and developments of the 2- 
dimensional optical memory which made current and purple-blue color laser the light source are done briskly. 
[0003] However, in the ultraviolet region, it is thought from the reason of a suitable optical material not existing but the suitable 
optical material used for an archive medium, a lens, etc. stopping existing etc. that it is difficult for short wavelength-ization of record 
laser wavelength to be a limitation and even for the activity of purple-blue color laser to short-wavelength-ize it more than this. 
Moreover, the approach of using numerical aperture high as twice [ refractive-index ] prism is proposed using the solid-state 
immersion lens (SIL: Solid Immersion Lens) which makes a condensing spot small as an approach of enlarging NA using circular 
prism with a high refractive index. By this approach, a minute condensing spot is formed using the EBANESSENTO light formed in a 
prism base. EBANESSENTO light is a non-spreading light which carries out localization near the prism base (outgoing radiation 
edge), since it exists only in the field below the wavelength of light from the outgoing radiation edge of SIL, must arrange a record 
medium near the pole at the base of prism, and must perform record and playback. For this reason, there are many technical problems 
which should be solved, such as establishment of the distance control of a record medium and prism and the portability of a record 
medium. Moreover, the refractive index of a prism ingredient is at most about two, and its recording density also improves only to 
about 4 times. 

[0004] From the above reason, the improvement in recording density has reached the limitation in the present 2-dimensional optical 
memory. Therefore, in order to record 50GB or more of high density, it is necessary to record information by three dimensions 
including the depth direction of a record medium (volume record). 

[0005] The holographic memory which records information in the form of a hologram is Motomitsu Mitsugi memory, and the record 
in large capacity is possible for it. Moreover, holographic memory is page mold memory and has the rapidity by package record and 
playback in the page unit of two-dimensional data. For this reason, holographic memory attracts attention as a next-generation record 
medium. 

[0006] Holography is a technique recorded and reproduced through the amplitude (reinforcement) of a light wave, and the information 
on a phase. If incidence of the one more coherent light (reference beam) is simultaneously carried out to a record medium in case a 
coherent light is irradiated like a laser beam at a body and incidence of the reflected light (body light) from a body is carried out to a 
record medium, an interference fringe will be formed on a record medium. It is the hologram which recorded the optical intensity 
distribution by this interference into the medium as change of a refractive index or an absorption coefficient. If incidence only of the 
reference beam is carried out to the record medium with which the hologram was recorded, a hologram will work as a diffraction 
grating and body light will be reproduced. 

[0007] Moreover, hologram record of digital data is also possible by changing digital data (binary data of 0 or 1) into ON/off-(* */dark) 
pattern using a space optical modulator, and carrying out incidence to a record medium as a body light in holographic memory. The 
original binary data are reproducible from the acquired electrical signal by irradiating a reference beam at a record medium, 
reproducing body light, and receiving and carrying out photo electric translation of the reproduced body light by the photodetector. 
Recently, the research from more nearly engineering viewpoints, such as S/N based on the concrete optical system and the volume 
multiplex recording method of this digital holographic memory, bit error rate assessment or a proposal of two-dimensional coding, and 
effect of the aberration of optical system, is progressing. 

[0008] as a hologram record ingredient - cheap - the shape of a disk - shaping - the easy polymer ingredient attracts attention. For 
the media of a ROM mold, the so-called photopolymer is studied briskly, and the light-sensitive nature polymer containing a 
photoisomerization radical like azo is promising for rewritable media. 

[0009] In order to realize large capacity-ization by holographic memory, while increasing the thickness of the recording layer which 
records a hologram, it is necessary to carry out multiplex record of two or more holograms into the same volume. For example, in 
order to accumulate 100GB or more of digital data in the disk of one sheet, the thickness of a recording layer is required 1mm or more. 
However, in the actual condition, it is dramatically difficult to thick-film-ize a recording layer, maintaining optical quality, and it 
requires cost. 

[0010] There is invention indicated by JP,9-101735,A as an approach which realized large capacity-ization, avoiding this problem. 
The record / playback approach using the optical recording medium of the optical waveguide mold of a multilayer configuration is 
indicated by JP,9-101 735,A. This optical recording medium carries out two or more laminatings of a lightguide and the recording 
layer through a cladding layer on a substrate, and the lightguide inserted into the adjoining cladding layer constitutes optical 
waveguide. Using this optical recording medium, to each optical waveguide, selectively, incidence of the reference beam is carried 
out, carry out incidence of the body light (signal light) from the interface of a lightguide, the EBANESSENTO light and body light 
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which oozed out to the recording layer are made to interfere, and a hologram is recorded from the end face of a lightguide. In this case, 
the thickness of the recording layer which takes a hologram to record one sheet may be as thin as several micrometers, and it is 
possible to produce a film, without spoiling optical quality by the spin coat or the cast method. Multiplex hologram record is attained 
by carrying out two or more laminatings of the recording layer of such a thin film. 
[0011] 

[Problem(s) to be Solved by the Invention] However, there is a trouble shown below in the record / playback approach using the 
optical recording medium of the optical waveguide mold of the multilayer configuration indicated by JP,9-101735,A mentioned above, 
although make a waveguide guide the reference beam used for record, the EBANESSENTO light and body light which oozed out to 
the recording layer are made to interfere and a hologram is recorded in this optical recording medium - EBANESSENTO light - at 
most - since only wavelength order reaches a recording layer, a hologram is unrecordable in sufficient depth for the medium thickness 
direction, and since EBANESSENTO light is very feeble, sufficient exposure reinforcement is not obtained. Consequently, diffraction 
efficiency sufficient in the recorded hologram is not acquired. Moreover, it is difficult to irradiate the read-out light of reinforcement 
sufficient also at the time of playback. 

[0012] In order to solve these problems, the reference beam and body light which a recording layer is made to guide a reference beam 
and read-out light, and guide not EBANESSENTO light but a recording layer are made to interfere, a hologram is recorded, and to 
reproduce a hologram by the read-out light which guides a recording layer is desired. However, the recording layer consists of 
ingredients which absorb a reference beam, in order to record a hologram. For this reason, in having carried out incidence of the 
reference beam to the recording layer from the end face, and having made waves guide, waveguide loss cannot record a hologram 
greatly. Moreover, although the light of the same wavelength as a reference beam is usually used for read-out light, the recorded 
hologram will be destroyed in having made read-out light guide at the time of playback. 

[0013] This invention is made in view of the above-mentioned situation, and while the object of this invention can record the 
hologram from which sufficient diffraction efficiency is acquired, the read-out light by which incidence was carried out from the end 
face is to offer the optical recording medium which can guide a recording layer. 

[0014] Other objects of this invention are to offer the hologram record playback approach and hologram record regenerative apparatus 
which can be read without destroying the hologram which the recording layer was made to guide the read-out light which carried out 
incidence, and was recorded on it from the end face while being able to record the hologram from which sufficient diffraction 
efficiency is acquired. 

[0015] The object of further others of this invention is to offer the photo-regenerating equipment which can be read without destroying 
the optical recording equipment which can record the hologram from which sufficient diffraction efficiency is acquired, and the 
hologram which the recording layer was made to guide the read-out light which carried out incidence, and was recorded on it from the 
end face. 
[0016] 

[Means for Solving the Problem] In order to attain the above-mentioned object, the 1st optical recording medium of this invention 
While it is formed a substrate and on this substrate front face and whenever [ over said front face / incident angle ] guides the light 
beyond a predetermined value It is characterized by for the refractive index or the absorption coefficient having changed, having held 
the refractive index or absorption coefficient which changed, and constituting including the recording layer which can record a 
hologram by irradiating simultaneously the signal light and the reference beam of predetermined wavelength. 
[0017] Although a refractive index or an absorption coefficient changes, holds the refractive index or absorption coefficient which 
changed and the recording layer which can record a hologram is formed by irradiating simultaneously the signal light and the 
reference beam of predetermined wavelength on the substrate front face, the 1 st optical recording medium of this invention Since 
whenever [ over a substrate front face / incident angle ] guides the light beyond a predetermined value, this recording layer can 
reproduce a hologram by the diffracted light at the time of being able to make a recording layer guide read-out light at the time of 
playback, and making waves guide. 

[001 8] In the 1st above-mentioned optical recording medium, by making the refractive index of said recording layer higher than the 
refractive index of said substrate, a recording layer serves as slab mold optical waveguide, and the light by which incidence was 
carried out to the recording layer by whenever [ beyond a predetermined value / incident angle ] can be guided. Moreover, the 
cladding layer which has a refractive index lower than this recording layer can be further formed on said recording layer. Furthermore, 
two or more set laminating of said recording layer and said cladding layer can be carried out, and it can also consider as the optical 
recording medium of the multilayer configuration equipped with two or more recording layers. 

[0019] The ingredient in which optical induced birefringence nature (called optical induction dichroism or an optical induction 
anisotropy) is shown can induce the polarization condition of the light which carries out incidence to this, and can record the 
polarization direction of incident light. The macromolecule or polymer liquid crystal which has also in this the radical photoisomerized 
to a side chain is excellent in the recording characteristic. Therefore, as an optical recording medium, while having optical induced 
birefringence nature, what prepared the recording layer which consists of the macromolecule or polymer liquid crystal which has the 
radical photoisomerized to a side chain is desirable. As a radical to photoisomerize, the thing containing an azobenzene frame is 
desirable and at least one sort of monomer polymers chosen from the polyester group are desirable as a macromolecule or a polymer 
liquid crystal. 

[0020] The 2nd optical recording medium of this invention is equipped with the recording layer, and when incidence of the read-out 
light which guides the inside of this recording layer is carried out, it can record the hologram which can diffract the diffracted light on 
said recording layer. And by recording a hologram on this optical recording medium, when incidence of the read-out light which 
guides the inside of a recording layer is carried out, the hologram which can diffract the diffracted light can obtain the optical 
recording medium recorded on the recording layer. 

[0021] In the 2nd optical recording medium of this invention, in order to obtain the diffracted light from the hologram recorded when 
incidence of the read-out light which guides the inside of a recording layer was carried out with sufficient diffraction efficiency, a 
read-out light unrecordable on a recording layer can be used. For example, when the hologram is recorded by change of the refractive 
index of a recording layer, or an absorption coefficient, the light which does not carry out induction of the change of the refractive 
index of a recording layer or an absorption coefficient can be used for read-out light. 

[0022] Moreover, a recording layer can be made to guide read-out light by carrying out incidence of the read-out light from the end 
face of a sheet-like recording layer. 

[0023] The hologram record playback approach of this invention is the hologram record playback approach which reproduces the 
recorded hologram while recording a hologram on the optical recording medium of this invention. At the time of record A hologram is 
recorded on said recording layer by irradiating simultaneously the signal light and the reference beam of predetermined wavelength. 
At the time of playback It is characterized by reproducing a hologram by the diffracted light at the time of making said recording layer 
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guide waves and making the read-out light of wavelength to which the refractive index or absorption coefficient held at the recording 
layer is not changed guide. 

[0024] While the hologram record regenerative apparatus of this invention records a hologram on the optical recording medium of this 
invention The signal Mitsuteru gunner stage which is the hologram record regenerative apparatus which reproduces the recorded 
hologram, and irradiates the signal light of predetermined wavelength to the predetermined field of said recording layer from the 
waveguide direction of a recording layer, and the crossing direction, So that the refractive index or absorption coefficient of a 
. recording layer may be changed by interferential action with said signal light It is characterized by having a read-out light incidence 
means to carry out incidence of the read-out light of wavelength to which a reference beam exposure means to irradiate the reference 
beam of said predetermined wavelength to said predetermined field, and the refractive index or absorption coefficient held at said 
recording layer is not changed to said recording layer so that this read-out light may guide said recording layer. 
[0025] Although a hologram is recorded on a recording layer by irradiating simultaneously the signal light and the reference beam of 
predetermined wavelength at the time of record in the hologram record playback approach and hologram record regenerative apparatus 
of this invention Since a hologram is reproduced by the diffracted light at the time of making a recording layer guide waves and 
making the read-out light of wavelength to which the refractive index or absorption coefficient held at the recording layer is not 
changed at the time of playback guide At the time of record, waveguide loss does not pose a problem, but it can reproduce, without 
destroying the recorded hologram at the time of playback. 

[0026] While applying the above-mentioned hologram record playback approach, irradiating the signal light which holds data 
information according to polarization distribution at an optical recording medium at a reference beam and coincidence and recording 
polarization distribution of this signal light as a hologram, a hologram is reproducible with the diffracted light at the time of making 
said recording layer guide read-out light. Since this polarization hologram generates the light where the polarization direction of signal 
light was saved as that diffracted light, read-out of the information by the difference in a deflection angle becomes possible by making 
it rotate a predetermined include angle every, and, for example, carrying out polarization distribution of the polarization angle of 
signal light according to data information. 

[0027] Moreover, the signal light which applies the above-mentioned hologram record playback approach, and holds the 1 st data 
information according to intensity distribution Irradiate a reference beam and coincidence to the predetermined field of an optical 
recording medium, and this signal luminous-intensity distribution is recorded as the 1st hologram. The signal light which changes the 
polarization condition of either said signal light and said reference beam, and holds the 2nd data information according to intensity 
distribution While irradiating a reference beam and coincidence to the predetermined field of an optical recording medium and 
carrying out multiplex record of this signal luminous-intensity distribution as the 2nd hologram, the 1st hologram and 2nd hologram 
are reproducible with the diffracted light at the time of making said recording layer guide read-out light. 

[0028] Read-out light is irradiated to said field of the optical recording medium with which two signal light which has this different 
polarization direction is recorded on the same field by the same reference beam. The operation output between two data currently 
recorded on said field as two signal light can be obtained by obtaining the diffracted light by which two diffracted-light components 
which have the polarization direction which intersects perpendicularly mutually were compounded, and taking out the polarization 
component of arbitration from this diffracted light. That is, arbitration, such as an operation of the sum or a difference and logical 
operation, can be calculated at simple and a high speed among data, such as two images currently recorded on the optical recording 
medium. 

[0029] in addition, the optical recording equipment with which a hologram record regenerative apparatus records a hologram on the 
recording layer of an optical recording medium and the photo-regenerating equipment which makes the diffracted light diffract from 
the recording layer of the optical recording medium with which the hologram was recorded - since - it can constitute. Optical 
recording equipment and photo-regenerating equipment may be constituted in one, and may be constituted independently respectively. 

[0030] The optical recording equipment of this invention is optical recording equipment which records a hologram on the recording 
layer of an optical recording medium, and when incidence of the read-out light which guides the inside of said recording layer is 
carried out, it is characterized by having a record means to record the hologram which can diffract the diffracted light on said 
recording layer. Moreover, the photo-regenerating equipment of this invention is photo-regenerating equipment which makes the 
diffracted light diffract from the recording layer of the optical recording medium with which the hologram was recorded, carries out 
incidence of the read-out light which guides the inside of said recording layer, and is characterized by having a read-out means to 
make said diffracted light diffract from said recording layer. That is, the optical recording equipment of this invention can record the 
hologram from which sufficient diffraction efficiency is acquired, and the read-out light which carried out incidence to the recording 
layer from the end face is made to guide, and the photo-regenerating equipment of this invention can be read, without destroying the 
recorded hologram. 
[0031] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with reference to a drawing. 
(Hologram optical recording medium) The optical recording medium of this invention is explained first. 

[0032] As shown in drawing 1 (A), an optical recording medium 10 forms the recording layer 12 which can record a hologram on the 
whole surface side of the transparence substrates 11, such as a quartz substrate and a plastic plate, and is constituted. Here, in the laser 
wavelength which irradiates as a read-out light at the time of playback, the refractive index nl of a recording layer 12 is higher than 
the refractive index n2 of the transparence substrate 11, and a recording layer 12 serves as slab mold optical waveguide. Moreover, the 
refractive index nl of a recording layer 12 is higher than the refractive index of an air space. In addition, the signal light (body tight) 1 
and the reference beam 2 at the time of record are irradiated from the transparence substrate 1 1 side so that it may illustrate. 
[0033] Moreover, as shown in drawing 1 (B), the laminating of two or more sets of recording layers 1 2 and the cladding layer 1 3 is 
carried out by turns, and two or more slab mold waveguides can be produced, and it can also consider as the optical recording medium 
of the optical waveguide mold of a multilayer configuration. The refractive index of a cladding layer 13 can be set to the n2 [ same ] as 
the refractive index of the transparence substrate 11. 

[0034] In the case of which [ of drawing 1 (A) and (B) ], a recording layer 12 is formed so that it may have a sufficiently big flare 
compared with the shape of a sheet, i.e., thickness. Preferably, an optical recording medium 10 is formed in the shape of a sheet as a 
whole. Moreover, as for an optical recording medium 10, it is desirable to consider as the shape of a disk configuration or a card type. 
[0035] A refractive index or an absorption coefficient changes and a recording layer 12 can record a hologram, and as long as the 
refractive index or absorption coefficient which changed is the ingredient held in ordinary temperature, it may consist of what kind of 
ingredients. As a suitable ingredient, the ingredient of light-sensitive nature in which optical induced birefringence nature is shown is 
mentioned. The ingredient in which optical induced birefringence nature is shown can induce the polarization condition of the light 
which carries out incidence, and can record the polarization direction of incident light. In addition, the optical recording medium 
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which can record the hologram by the optical induced birefringence corresponding to polarization distribution is called the optical 
recording medium of a polarization induction mold. 

[0036] Especially the macromolecule that distributed the macromolecule which has the radical photoisomerized to a side chain as an 
ingredient in which optical induced birefringence nature is shown, the polymer liquid crystal, or the molecule to photoisomerize is 
suitable. Moreover, as the radical to photoisomerize or a molecule, what contains an azobenzene frame, for example is suitable. 
[0037] Here, an azobenzene is explained to an example about the principle of optical induced birefringence. An azobenzene shows 
photoisomerization of transformer-SHISU by the exposure of light, as shown in the following chemical formula. Before carrying out 
an optical exposure at an optical recording layer, many azobenzenes of a transformer object exist in an optical recording layer. 
Orientation of these molecules is carried out at random, and they see on a macro and are isotropic. If the linearly polarized light is 
irradiated [ which is shown in an optical recording layer by the arrow head ] from predetermined, one transformer which has an 
absorption shaft in the same bearing as the polarization bearing will be selectively photoisomerized by the cis- object. The molecule 
eased to two transformers with the absorption shaft which intersected perpendicularly with polarization bearing does not absorb light 
any longer, but is fixed to the condition. As a result, it sees on a macro and induction of the birefringence is carried out to the 
anisotropy of an absorption coefficient and a refractive index, i.e., dichroism. Generally, these properties are called optical induced 
birefringence nature, optical induction dichroism, or an optical induction anisotropy. Moreover, the these-excited anisotropy is 
eliminable by irradiating the light which is not polarized [ the circular polarization of light or 1. 
[0038] 
[Formula 1] 



Pump beam 

[0039] Own orientation of a macromolecule can also change with photoisomerization and the macromolecule containing such a 

photoisomerization. radical can carry out induction of the big birefringence. Thus, the birefringence by which induction was carried out 

is stable at below the glass transition temperature of a macromolecule, and suitable for record of a hologram. 

[0040] The polyester which has a cyano azobenzene can be mentioned to the side chain expressed with the following chemical 

formula as a suitable example of the ingredient which constitutes a recording layer 1 2. This polyester originates in the optical 

induction anisotropy by photoisomerization of the cyano azobenzene of a side chain. Signal luminous intensity and the polarization 

direction are made into a hologram. It is recordable 0- [ "Holographic recording ] and retrieval of polarized light by use of polyester 

containing cyanoazobenzene units in the side chain", KKawano, T.Ishii, J.Minabe, T.Niitsu, Y.Nishikata and K.Baba, Opt. Lett. Vol. 24 

(1999)pp.l269-1271. 

[0041] 

[ Form ula 2] 



[0042] The optical recording medium 1 0 equipped with the recording layer 1 2 which consists of the above-mentioned polyester 
ingredient is producible by carrying out the cast and making it dry on the glass substrate which washed the chloroform solution of 
polyester. When the absorption spectrum of the optical recording medium 1 0 with which the recording layer 1 2 of 20 micrometers of 
thickness was formed was measured, the spectrum which has a peak near 365nm equivalent to pi-pi * transition of an azobenzene was 
obtained. 

[0043] In addition, the production approach of an optical recording medium is not restricted to this, may carry out the spin coat of the 
ingredient of a recording layer on a substrate, may produce an optical recording medium, pours in the ingredient of a recording layer to 
a parallel plate eel, and may produce an optical recording medium. Moreover, the ingredient of a recording layer may be pasted up on 
a film-like substrate with a hotpress, and an optical recording medium may be produced. 

[0044] (Principle of polarization hologram record) When recording a hologram on the optical recording medium 10 equipped with the 
recording layer 12 which consists of a giant molecule which distributed the giant molecule or liquid crystal polymer which has this 
azobenzene in a side chain, or the azobenzene, the respectively coherent signal light 1 and a respectively coherent reference beam 2 
are simultaneously irradiated to the same field of an optical recording medium 10. 

[0045] In this case, when the polarization direction of the signal light 1 and a reference beam 2 is mutually parallel (for example, as 
shown in drawing 2 (A), when both the signal light 1 and the reference beam 2 are s-polarized light), optical intensity distribution are 
produced in an optical recording medium 10 by two interferences of light wave of the signal light 1 and a reference beam 2. And when 
[ of optical reinforcement ] strong, as mentioned above, induction of the optical anisotropy is carried out by the isomerization cycle of 
a transformer-cis-transformer. Therefore, the grid of the absorption coefficient corresponding to optical intensity distribution or a 
refractive index is recorded as a hologram. 

[0046] On the other hand, when the polarization direction of the signal light 1 and a reference beam 2 is made to intersect 
perpendicularly mutually (for example, as shown in drawing 2 (B), when signal light 1 is made into p-polarized light and a reference 
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beam 2 is made into s-polarized light), optical intensity distribution [ like ] when the polarization direction of the signal light 1 and a 
reference beam 2 is mutually parallel are not produced. Instead, the polarization direction is modulated spatially and periodically and 
the linearly polarized light part 8 and the elliptically-polarized-light part 9 appear periodically by turns. 

[0047] In this case, although it becomes uniform [ optical intensity distribution ], as the azobenzene which turns to the same direction 
as the modulated polarization direction mentioned above, induction of the optical anisotropy is carried out by the isomerization cycle 
of a transformer-cis— transformer, and it is recorded as a hologram. 

[0048] Henceforth, the hologram by optical intensity distribution when the polarization direction of the signal light 1 and a reference 
beam 2 is parallel is called a hologram on the strength [ optical ] like drawing 2 (A), and the hologram by polarization distribution in 
case the polarization direction of the signal light 1 and a reference beam 2 intersects perpendicularly like drawing 2 (B) is called a 
polarization hologram. 

[0049] Thus, a hologram is recordable as a result of carrying out induction of the anisotropy of an azobenzene according to the optical 
recording medium 10 equipped with the recording layer 12 which consists of a giant molecule which distributed the giant molecule or 
liquid crystal polymer which has an azobenzene in a side chain, or the azobenzene, even if the polarization direction of the signal light 
1 and a reference beam 2 is parallel and it lies at right angles. 

[0050] The diffracted light 4 which has the same direction as the polarization direction of a reference beam 2, then the same 
polarization condition as the signal light 1 for the polarization direction of the hologram read-out light 3 in each above-mentioned case 
can be obtained. Moreover, the recorded hologram will be held without relaxation under the room temperature natural light for several 
years or more. 

[005 1] (Hologram record regenerative apparatus) An example of the hologram record regenerative apparatus of this invention is 
shown in drawing 3 . This hologram record regenerative apparatus consists of a recording device shown in drawing 3 (A), and a 
regenerative apparatus shown in drawing 3 R> 3 (B). A recording device and a regenerative apparatus may be constituted in one, and 
may be constituted independently respectively. 

[0052] The recording device is equipped with the recording head 22 which irradiates simultaneously the signal light 1 and a reference 
beam 2, and records a hologram on the predetermined field of an optical recording medium 10 as shown in drawing 3 (A). A recording 
head 22 A coherent light The light from the light source 40 and the light source 40 to emit For signal light And the lenses 43 and 44 
which carry out parallel Guanghua of the light wave which penetrated the beam splitter 41 divided into two light waves for reference 
beams, and the beam splitter 41 , the space optical modulator 30 which modulates the light wave by which parallel Guanghua was 
carried out, the condenser lens 45 which condenses the modulated signal light 1 to the predetermined field of an optical recording 
medium 10, And it has the mirrors 47 and 48 led to the predetermined field of an optical recording medium 10 by making into a 
reference beam 2 the light wave reflected by the beam splitter 41. In addition, it connects with a computer 21 and the space optical 
modulator 30 is controlled by the computer 21. 

[0053] What sensibility is in the ingredient of the recording layer 12 of an optical recording medium 10, and emits a coherent light as 
the light source 40 of a recording head 22 can be used. When using for a recording layer 12 the polyester which has a cyano 
azobenzene in a side chain, it is desirable to use an Ar ion laser with an oscillation wavelength [ corresponding to the skirt of the 
absorption peak of an optical recording medium 10 ] of 515nm for the light source. 

[0054] As a space optical modulator 30, the space optical modulator of the transparency mold in which the transparent electrode was 
formed to both sides of electro-optics conversion ingredients, such as liquid crystal, can be used. The liquid crystal panel for projectors 
can be mentioned as this type of a space optical modulator. 

[0055] However, in order to make polarization modulation possible, to use the liquid crystal panel for the above-mentioned projectors, 
it is necessary to remove the polarizing plate arranged at least at the output side. For example, the space optical modulator 30 can be 
constituted as a liquid crystal cell 124 of the transparency mold in which electrodes 122 and 123 were formed to both sides of the 
liquid crystal 121 which is one of the electro-optics converter material, as shown in drawing 4 . In the space optical modulator which 
performs this polarization modulation, the polarization of light which carries out incidence to each pixel is modulated by forming two 
or more pixels two-dimensional, operating each pixel as 1/2 wavelength plate, and giving as existence of electrical-potential-difference 
impression of the information on the bit corresponding to each pixel in two-dimensional data. 

[0056] The regenerative apparatus is equipped with the read-out optical system 3 1 for carrying out incidence of the coherent light from 
the end face of an optical recording medium 1 0, and the read station 23 which reads the diffracted light 4 by the recorded hologram as 
shown in drawing 3 (B). The read station 23 has the photodetectors 50, such as CCD which detects the lens 46 which carries out 
parallel Guanghua of the diffracted light 4, and the diffracted light by which incidence is carried out. 

[0057] the read-out optical system 3 1 can be constituted including the light source which the refractive index or absorption coefficient 
which the hologram recorded on the recording layer 12 of an optical recording medium 10 holds is not changed, without destroying 
the recorded hologram namely,, and emits a coherent light. Although it is desirable to use He Ne laser with an oscillation wavelength 
of 633nm no sensibility is [ wavelength ] in the recording layer 1 2 of an optical recording medium 10 (there is no absorption) as the 
light source when using for a recording layer 1 2 the polyester which has a cyano azobenzene in a side chain, the other laser diode may 
be used. 

[0058] (The hologram record playback approach) Next, the hologram record playback approach of this invention is explained. 
[0059] First, the coherent light outputted from the light source 40 of a recording head 22 in the recording apparatus shown in drawing 
3 (A) at the time of record is divided into the object for signal light, and two light waves for reference beams by the beam splitter 41. 
Let the light wave which penetrated the beam splitter 41 be a big parallel light of a light diameter with lenses 43 and 44. Then, the 
light wave by which parallel Guanghua was carried out is modulated by the space optical modulator 30, and the signal light 1 is 
generated. 

[0060] the modulated signal light 1 - a lens 45 - a cutback - or the Fourier transform is carried out and the predetermined field of an 
optical recording medium 10 irradiates. On the other hand, it is reflected by mirrors 47 and 48, and the reference beam 2 reflected by 
the beam splitter 41 is led to the predetermined field of an optical recording medium 1 0, and incidence is carried out to an optical 
recording medium 10 so that the signal light 1 may be intersected in an optical recording medium. Thus, hologram record is performed 
by irradiating the signal light 1 and a reference beam 2 simultaneously to the same field. 

[0061] As the signal light 1 and a reference beam 2, the laser beam of the wavelength which has sensibility in the ingredient of the 
recording layer 12 of an optical recording medium 10 is used as mentioned above. Moreover, it can ask for whenever [ incident angle / 
of the signal light 1 and a reference beam 2 ] as follows. 

[0062] As shown in drawing 6 , when the wave number vector of the signal light 1 at the time of record and a reference beam 2 is set 
to kobject and kreference, respectively and the wave number vector of the read-out light 3 is set to kread, the include angles of kobject 
and kreference are alpha and beta, respectively on the basis of the direction of a vector of the read-out light 3, and the crossed axes 
angle of two light waves is alpha-beta. The grid vector formed of kobject and kreference is given by kg= kobject-kreference, and the 
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lattice spacing lambda of the recorded hologram is given by the following formula 1. 

[0063] 

[Equation 1] 



2Sffi ' 2 ) 

[0064] Here, the case where set to lambda wavelength of the signal light used for record and a reference beam, and the read-out light 
(wave number vector kread) of wavelength lambda' carries out incidence at an include angle 0 to a substrate side is considered. At this 
time, it is (alpha+beta)/2, and whenever [ to a grid / incident angle ] obtains the strong diffracted light, when fulfilling the phase 
matching conditions of the following type 2. 
[0065] 
[Equation 2] 
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[0066] Since formulas 2 are conditions from which the reflected light from each class by the multiple echo becomes equiphase, the 
relation of a formula 3 is drawn by a formula 1 and the formula 2. 
[0067] 
[Equation 3] 
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[0068] When it was alpha and beta which fill a formula 3 and read-out light guides waveguide, the phase matching conditions of a 
hologram can be fulfilled and the diffracted light can be obtained. The conditions in which the diffracted light carries out outgoing 
radiation vertically to waveguide are whenever [ to a grid / incident angle ], / (alpha+beta) case of 2= 45 degrees. If this condition is 
substituted for a formula 3, alpha and beta which were respectively expressed with the formula 4 and the formula 5 will be called for. 
That is, beta is [ whenever / incident angle / of signal light / alpha /, and, whenever / incident angle / of a reference beam ] computable 
according to the value, if wavelength lambda[ of the wavelength lambda of signal light and a reference beam and read-out light ] ' is 
decided. 
[0069] 
[Equation 4] 

P 
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[0070] For example, as lambda^ 5 1 5nm, lambda , =633nm, and nr= 1 , if it asks for alpha and beta, it is [ whenever / incident angle / of 
signal light / whenever / alpha= 80 degree and incident angle / of a reference beam ] computable with beta= 1 0 degrees. 
[0071] Next, incidence of the coherent light outputted from the read-out optical system 3 1 in the regenerative apparatus shown in 
drawing 3 (B) at the time of read-out is carried out from the end face of the recording layer 12 of an optical recording medium 10 as a 
read-out light 3. As shown in drawing 8 , the read-out light 3 by which incidence was carried out guides a recording layer 12, and the 
diffracted light is diffracted from a recording layer 12. The diffracted light wave (diffracted light 4) carries out image formation of this 
to a photodetector 50 with a lens 46. 

[0072] The laser beam of wavelength to which the refractive index or absorption coefficient which the hologram recorded on the 
recording layer 12 of an optical recording medium 10 holds as a read-out light 3 is not changed, for example, the laser beam of the 
wavelength which does not have sensibility in the ingredient of the recording layer 12 of an optical recording medium 10, is used as 
mentioned above. Thus, by using the laser beam of wavelength to which the refractive index or absorption coefficient which the 
hologram recorded on the recording layer 12 of an optical recording medium 10 at the time of playback holds is not changed as a read- 
out light 3, a recording layer 12 is made to guide the read-out light 3, and it can reproduce, without destroying the recorded hologram. 
[0073] Moreover, since the read-out light 3 guides a recording layer 12, the hologram recorded along with the waveguide of the read- 
out light 3 can be read at once. 

[0074] In addition, as shown in drawing 5 , when incidence of the signal light 1 modulated with the space modulator 30 is carried out 
to an optical recording medium 10, without minding a lens and hologram record is performed, as shown in drawing 9 R> 9, a 
recording layer 1 2 can be made to be able to guide the read-out light 3 from the direction of incidence of the reference beam 2 used for 
record, and the direction of reverse, and a hologram can also be read. In this case, since the wavelength of a reference beam 2 differs 
from the wavelength of the read-out light 3, although a scale factor and an optical path change, they can reproduce the phase 
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conjugation light of the signal light 1 as the diffracted light 4. Phase conjugation light is equipped with the same wave front as signal 
light, and reverses the optical path in which signal light carried out incidence. Therefore, image formation can be carried out to a 
photodetector 50, without using special image formation optical system. In this case, incidence of the read-out light 3 will be carried 
out from the end face of an optical recording medium 10, and the diffracted light 4 will be taken out from the incidence side of the 
signal light 1 . 

[0075] Moreover, what is necessary is to contact the glass substrate 14 of a refractive index thick [ as the transparence substrate 1 1 / 
same ] to the transparence substrate 1 1 side of an optical recording medium 10, and just to carry out incidence of the reference beam 2 
from the side face of this glass substrate 14, as shown in drawing 7 in order to carry out incidence of the reference beam 2 to the 
optical recording layer 12 at the narrow include angle of 10 degrees. The reference beam 2 by which incidence was carried out from 
the side face of a glass substrate 14 is refracted by the interface of air and a glass substrate 14, and carries out incidence to the optical 
recording layer 12 at an include angle narrower than whenever [ to a glass substrate 14 / incident angle ]. Moreover, the transparence 
substrate 1 1 may be made sufficiently thick and incidence of the reference beam 2 may be carried out from the side face of the 
transparence substrate 1 1 . 

[0076] (Polarization hologram record) The example which performs polarization hologram record using the above-mentioned 
hologram record playback approach is explained. The hologram record regenerative apparatus shown in drawing 3 (A) and (B) 
performed record and playback using the optical recording medium of the polarization induction mold equipped with the recording 
layer which becomes the above mentioned side chain from the polyester which has a cyano azobenzene. 

[0077] The crossed axes angle phi of signal light and a reference beam was made into 70 degrees at the light source 40 for record 
using the Ar ion laser with an oscillation wavelength of 515nm which has sensibility at the polyester which is the ingredient of a 
recording layer. Signal light with the polarization distribution shown in drawing 10 was generated using the space optical modulator 
30 of a polarization modulation mold. Bearing of the linearly polarized light is changing for every pixel, and polarization bearing 
expresses data information with this signal light. Here, if bearing of N-ary is recorded, log2N bit data can be stored for every pixel. 
[0078] Moreover, He Ne laser with an oscillation wavelength of 633nm which does not have sensibility in the polyester which is the 
ingredient of a recording layer was used for the light source of the read-out optical system 30. However, the recording layer was made 
to guide read-out light from the direction of incidence of the reference beam used for record, and the direction which counters, and the 
phase conjugation light of signal light was made to diffract. It separated into the polarization component (0-degree polarization 
component and 90-degree polarization component) which arranges an analyzer to the optical path of the diffracted light, and intersects 
perpendicularly with it. Consequently, two images of 0-degree polarization component and 90-degree polarization component as 
shown in drawing 1111 (A) and (B) were obtained. From the optical intensity-distribution ratio between these 2 images, the 
polarization angle rho of playback light was computed using the following type 6. 
[0079] 
[Equation 5] 



[0080] Here, 10 and 190 are the reinforcement of 0-degree polarization component of each pixel, and 90-degree polarization 
component, respectively. The result of having plotted the polarization angle of the acquired reconstruction image to the polarization .. 
angle of signal light is shown in drawing 12 . From drawing 12 , the polarization angle of a reconstruction image is changing to the 
abbreviation straight-line target to the polarization angle of signal light, and is understood that polarization bearing of signal light and 
polarization bearing of playback light are the same. Therefore, according to the hologram record playback approach of this invention, 
while polarization distribution of signal light is recordable, the recorded polarization distribution is faithfully reproducible. 
[0081] In addition, although the example which performs record and playback of a hologram was explained using the signal light 
which holds data information according to polarization distribution above, record and playback of a hologram can be similarly 
performed about the signal light which holds data information according to amplitude (reinforcement) distribution or phase 
distribution. For example, playback of a stereoscopic model is also possible by recording the reflected light from a three-dimension 
body as a signal light. 

[0082] Next, the above-mentioned hologram record playback approach is used. (Polarization hologram multiplex record) The example 
which performs hologram record to a duplex on two conditions in the case of intersecting perpendicularly with the case where the 
polarization direction of signal light and a reference beam is mutually parallel, Namely, make parallel the polarization direction of 
signal light and a reference beam in the 1st step, and hologram record is performed. The 90 degrees of the polarization directions of 
signal light (or reference beam) are rotated with 1/2 wavelength plate in the 2nd step, and the conditions which made the polarization 
direction of signal light and a reference beam intersect perpendicularly mutually explain the example which carries out multiplex 
record of the hologram of the 2nd sheet to the same field. However, even if it uses the circular polarization of light which intersects 
perpendicularly mutually, same polarization multiplex record and playback are possible. 

[0083] Using the optical recording medium 10 of the polarization induction mold equipped with the recording layer 12 which becomes 
the above mentioned side chain from the polyester which has a cyano azobenzene, as shown in drawing 13 (A) Except having 
arranged 1/2 wavelength plate 20 between the space modulator 30 and an optical recording medium 10 As it considers as the same 
configuration as the recording device shown in drawing 7 and is shown in drawing 13 (B), between an optical recording medium 10 
and a photodetector 50 Except having arranged the polarizers 49, such as a polarization beam splitter which separates the 
predetermined polarization component contained in the diffracted light 4, record and playback of a hologram were performed as the 
same configuration as the regenerative apparatus shown in drawing 9 . 

[0084] An image is displayed on the space optical modulator 30 by computer which is not illustrated so that it may mention later, as 
shown in drawing 13 (A), as a light which passed the space optical modulator 30, the signal light which has the information on the 
image displayed on the space optical modulator 30 is obtained, 1/2 wavelength plate 20 is passed for this signal light, and it changes 
into the signal light 1 which has the predetermined polarization direction. The optical recording medium 10 which mentioned above 
the signal light 1 which passed this 1/2 wavelength plate 20 is irradiated. Simultaneously, a reference beam 2 is irradiated to the field 
to which the signal light 1 of an optical recording medium 1 0 is irradiated. The signal light 1 and a reference beam 2 interfere in an 
optical recording medium 10, and a hologram is recorded into an optical recording medium 10 by this. 

[0085] In this case, in the 1st step, a binary image on the strength as shown in drawing 14 (A) is displayed on the space optical 
modulator 30 as an image of the 1st sheet. The hologram of the 1st sheet is recorded into an optical recording medium 10 that the 
polarization direction of the signal light 1 which passed this for 1/2 wavelength plate 20 is vertical to space (this is made into 0 
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degree), and by adjusting so that it may become, and irradiating the signal light 1 and a reference beam 2 simultaneously at an optical 
recording medium 10. 

[0086] Next, in the 2nd step, a binary image on the strength as shown in drawing 14 (B) is displayed on the space optical modulator 30 
as an image of the 2nd sheet. By adjusting 1/2 wavelength plate 20 so that the polarization direction of the signal light 1 which passed 
this may become in parallel with space (this is made into 90 degrees), and irradiating the signal light 1 and a reference beam 2 
simultaneously at an optical recording medium 10 The hologram of the 2nd sheet is recorded on the field to which the hologram of the 
1st sheet in an optical recording medium 10 was recorded. However, it is the polarization direction of a reference beam 2 at the 
hologram's record [ of the 1st sheet ], and hologram's record time of the 2nd sheet, and it is made the same. 

[0087] At the time of read-out, as shown in drawing 13 (B), incidence of the coherent light outputted from the read-out optical system 
31 is carried out from the end face of the recording layer 12 of an optical recording medium 10 as a read-out light 3. The read-out light 
3 by which incidence was carried out guides a recording layer 12, and the secondary diffracted light is diffracted from a recording 
layer 12. 

[0088] Image formation of the diffracted light 4 is carried out on the photodetectors 50, such as CCD, and the data image of the signal 
light 1 is read. That is, the reconstruction image from the hologram of two sheets recorded in the 1 st step and the 2nd step can be 
acquired. However, as for each of the diffracted light from the hologram of two sheets, the polarization direction lies at right angles 
mutually. In this case, a polarizer 49 can be arranged between an optical recording medium 10 and a photodetector 50, and two 
diffraction figures can be separated and read by computer which is not illustrated by adjusting the transparency shaft of this polarizer 
49 in the direction of arbitration. For example, the operation output of the arbitration between the image of the image of the 1st sheet, 
the image of the 2nd sheet, or the 1st sheet and the image of the 2nd sheet can be read as follows. 

[0089] As shown in drawing 15 , when reading only the image of the 1st sheet, the transparency shaft of a polarizer 49 is made into 0 
degree, and when reading only the image of the 2nd sheet, the transparency shaft of a polarizer 49 is made into 90 degrees. If the 
amplitude of the diffracted-light component A2 from the hologram of the 2nd sheet recorded in Tl and the 2nd step in the amplitude 
of the diffracted-light component Al from the hologram of the 1st sheet recorded in the 1 st step is set to T2 When the optical 
reinforcement which penetrates a polarizer 49 when the transparency shaft of a polarizer 49 is made into 0 degree is proportional to 
|T1 \2 and the transparency shaft of a polarizer 49 is made into 90 degrees, the optical reinforcement which penetrates a polarizer 49 is 
proportional to |T2|2. 

[0090] However, this is the case where polarization of the signal light 1 is faithfully reproduced to the diffracted light 4. Actually, the 
polarization direction of the diffracted light 4 may shift it of the signal light 1, and a little with optical system or the polarization 
property of an optical recording medium 10. However, even in such a case, since the polarization direction of two images by which 
multiplex record is carried out is maintained at the relation which intersected perpendicularly mutually, by adjusting the transparency 
shaft of a polarizer 49 suitably, without producing a cross talk, it can dissociate and it can take out two images. 
[0091] When the synthetic vector of the diffracted-light component Al and the diffracted-light component A2 and bearing of a 
polarizer are made parallel, the optical reinforcement which penetrates a polarizer is proportional to |T1+T2|2. | If it is Tl |=|T2|, the 
sum of two diffracted-light components can be taken at theta= 45 degrees. That is, if the transparency shaft of a polarizer 49 is made 
into 45 degrees, the optical reinforcement which penetrates a polarizer 49 will come to be proportional to |T1+T2|2, and the addition 
output of two images will be obtained. Moreover, when the synthetic vector of the diffracted-light component A 1 and the diffracted- 
light component A2 and bearing of a polarizer are made cross at right angles, the optical reinforcement which penetrates a polarizer is 
proportional to |T1 -T2|2. | If it is Tl |=|T2|, the difference of two diffracted-light components can be taken at theta= 135 degrees. That 
is, if the transparency shaft of a polarizer 49 is made into 135 degrees, the optical reinforcement which penetrates a polarizer 49 will 
come to be proportional to |T1-T2|2, and the subtraction output of two images will be obtained. 

[0092] As shown in drawing 14 (A) and (B), two images expressed with amplitude Tl and T2, respectively In being the binary image 
expressed with "**" (data "1") and "dark" (data "0") of light, subtraction output |T1-T2|2 of two images become binary data, and as 
shown in drawing 14 (D), it becomes the exclusive OR (XOR) and equivalence of two images. On the other hand, although addition 
output |T1+T2|2 of two images have three values (brightness), "1+1", "1", and "0" By carrying out threshold processing, in "0", as 
"1+1" and "1" were shown in "**" and it was shown in "dark", then drawing 14 R> 4 (C), the OR (OR) of two images is acquired. 
[0093] In the laser wavelength which irradiates as a read-out light at the time of playback, although the optical recording medium of 
this invention forms in the whole surface side of a transparence substrate the recording layer of the light-sensitive mold in which 
optical induced birefringence nature is shown as above and it is constituted, since the refractive index n2 of a transparence substrate is 
lower than the refractive index nl of a recording layer 12, a recording layer serves as slab mold optical waveguide, and the read-out 
light by which incidence was carried out from the end face can guide this recording layer. 

[0094] Moreover, in the hologram record playback approach and hologram record regenerative apparatus of this invention, at the time 
of record, since the recording layer of an optical recording medium is made to carry out incidence of the laser beam of wavelength 
with sensibility to a recording layer at a narrow include angle and it is recorded on it as a reference beam, waveguide loss does not 
pose a problem but can record a hologram. Moreover, since a recording layer is made to guide the laser beam of the wavelength which 
is not changeful as a read-out light for the refractive index or absorption coefficient which the recording layer of an optical recording 
medium holds and the diffracted light is obtained at the time of read-out, it can reproduce, without destroying the recorded hologram. 
[0095] Moreover, using the hologram record playback approach of this invention, polarization of signal light can be recorded on the 
optical recording medium of a polarization induction mold as a polarization hologram, and it can reproduce. Since this polarization 
hologram generates the light where the polarization direction of signal light was saved as that diffracted light, the record and read-out 
of information by the difference in a polarization angle become possible by rotating the polarization angle of signal light a 
predetermined include angle every. 

[0096] Furthermore, by making the polarization direction of signal light and a reference beam into two kinds, an parallel direction and 
the direction which intersects perpendicularly mutually, mutually using the hologram record playback approach of this invention To 
the same field of the optical recording medium of a polarization induction mold, can record two signal light on multiplex as a 
hologram of two sheets, and read-out light is irradiated at said field of this optical recording medium. The operation output between 
two data currently recorded on said field as two signal light can be obtained by obtaining the diffracted light by which two diffracted- 
light components which have the polarization direction which intersects perpendicularly mutually were compounded, and taking out 
the polarization component of arbitration from this diffracted light. That is, arbitration, such as an operation of the sum or a difference 
and logical operation, can be calculated at simple and a high speed among data, such as two images currently recorded on the optical 
recording medium. 
[0097] 

[Effect of the Invention] A recording layer serves as slab mold optical waveguide, and the optical recording medium of this invention 
does so the effectiveness that the read-out light by which incidence was carried out from the end face can guide this recording layer 
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while being able to record the hologram from which sufficient diffraction efficiency is acquired. 

[0098] The hologram record playback approach and hologram record regenerative apparatus of this invention do so the effectiveness 
that the read-out light which carried out incidence to the recording layer from the end face is made to guide, and it can reproduce, 
without destroying the recorded hologram while being able to record the hologram from which sufficient diffraction efficiency is 
acquired. 

[0099] The optical recording equipment of this invention does so the effectiveness that the hologram from which sufficient diffraction 
efficiency is acquired is recordable. Moreover, the photo-regenerating equipment of this invention does so the effectiveness that the 
read-out light which carried out incidence to the recording layer from the end face is made to guide, and it can read, without destroying 
the recorded hologram. 
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* notices * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

Prawing 1] (A) is the perspective view showing the configuration of the optical recording medium of this invention, and (B) is the 
perspective view showing other configurations of the optical recording medium of this invention. 

[Drawing 2] (A) And (B) is an explanatory view for explaining the hologram by optical intensity distribution, and the hologram by 
polarization distribution. 

[Drawing 3] (A) And (B) is the sectional view showing an example of the configuration of the hologram record regenerative apparatus 
of this invention. 

[Drawing 4] It is the sectional view showing the configuration of the space modulator used for the hologram record regenerative 
apparatus of this invention. 

[Drawing 5] It is the sectional view showing other examples of the configuration of the hologram record regenerative apparatus of this 
invention. 

[Drawing 6] It is the diagram showing the relation of the wave number vector of signal light, the wave number vector of a reference 
beam, the wave number vector of read-out light, and the grid vector formed. 

Prawing 7] It is the sectional view showing the incidence approach when whenever [ incident angle / of a reference beam ] is small. 
Prawing 8] It is the sectional view showing signs that the diffracted light is read by the hologram record playback approach of this 
invention. 

[Drawing 9] It is the sectional view showing signs that drawing 8 makes hard flow guide read-out light, and phase conjugation light is 
obtained as the diffracted light. 

Prawing 10] It is drawing showing polarization distribution of the signal light at the time of applying the hologram record playback 
approach of this invention to polarization hologram record. 

Prawing II] (A) is drawing showing the image of 0-degree polarization component of the diffracted light obtained based on the 
polarization hologram which recorded the signal light shown in drawing 10 , and (B) is drawing showing the image of 90-degree 
polarization component. 

Prawing 12] It is the diagram which plotted the polarization angle of the reconstruction image acquired based on the polarization 
hologram which recorded the signal light shown in drawing 10 to the polarization angle of signal light. 

Prawin g 13 ] (A) And (B) is the sectional view showing other examples of a configuration of the optical recording equipment of this 
invention. 

Prawing 14] (A) at the time of applying the hologram record playback approach of this invention to polarization hologram multiplex 
record and (B) are input images, and (C) and (D) are output images which process the input image shown in (A) and (B), and are 
obtained. 

Prawing 15] It is the diagram in polarization hologram multiplex record showing the relation of the polarization direction of signal 
light, the polarization direction of the diffracted light, and bearing of a polarizer. 
Pescription of Notations] 

1 Signal Light 

2 Reference Beam 

3 Read-out Light 

4 Diffracted Light 

1 0 Optical Recording Medium 

1 1 Transparence Substrate 

1 2 Recording Layer 

1 3 Cladding Layer 

20 1/2 Wavelength Plate 

30 Space Optical Modulator 

21 Computer 

40 Light Source 

41 Beam Splitter 
43, 44, 45, 46 Lens 
47 48 Mirror 

49 Polarizer 

50 Photodetector 
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(Drawing 13] 
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[Drawing 15] 
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